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(54) Hollow fiber hemodialyzer 



(57) A hollow fiber hemodialyzer which exhibits high 
mobility of the dialysate as well as excellent mass trans- 
fer performance is provided. In this hollow fiber hemodi- 
alyzer, the hollow fiber membranes are accommodated 
in the housing, and blood flow path is defined in the inte- 
rior of the hollow fibers and dialysate flow path is 
defined in the exterior of the hollow fibers. The dialysate 
flow path has a wet hydraulic equivalent diameter of up 
to 165 *im. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] This invention relates to a hollow fiber hemodialyzer which is adapted for use in such therapies as hemodialysis 
and hemodiafiltration. 

SUMMARY OF THE INVENTION 

10 [0002] Since ^-microglobulin having a molecular weight of 1 1,800 Dalton has been found to be a uremic toxin, 
removal of low molecular weight proteins having a molecular weight in the range of from about 20,000 to about 40,000 
has become an important issue in addition to the conventional removal of low and intermediate molecular weight sub- 
stances. In view of such situation, hemodialysis membranes with higher performance have been developed by increas- 
ing the pore diameter of the membranes and by reducing the thickness of the active layer. As a consequence, the 
is membranes exhibited a reduced resistance to mass transfer, and proportion of the mass transfer resistance on the dia- 
lysate phase increased in relation to the mass transfer resistance of the entire hemodialyzer. 
[0003] In conventional hemodialyzers, number of the hollow fiber membranes and inner diameter of the housing have 
been empirically determined on the basis of the packing ratio of the hollow fibers, in the high performance hemodialyz- 
ers of today, however, design of the dialysate side flow path specifically adapted for the high performance membrane is 
20 required (Toshiyuki KANAMORI, et al., The Japanese Journal of Artificial Organs, 22(1), pages 64 to 69, 1993). Mem- 
branes of synthetic polymer suffer from the drawback of inferior segregation, and such membranes are likely to be non- 
uniformly dispersed in the housing compared to the cellulose-based membranes. When the hollow fibers are non-uni- 
formly dispersed, channeling of the dialysate is likely to occur to detract from the mass removal performance. There is 
a strong demand for a hemodialyzer comprising hollow fiber membranes of a synthetic polymer wherein such draw- 
ls backs have been eliminated. 

SUMMARY OF THE INVENTION 

[0004] In view of such situation, an object of the present invention is to provide a hollow fiber hemodialyzer which has 

30 high mobility of the dialysate as well as excellent mass transfer performance. 

[0005] According to the present invention, there is provided a hollow fiber hemodialyzer comprising a housing and 
hollow fiber membranes accommodated in the housing wherein blood flow path is defined in the interior of the hollow 
fibers and dialysate flow path is defined in the exterior of the hollow fibers, and said dialysate flow path has a wet 
hydraulic equivalent diameter of up to 1 65 iim. 

35 [0006] The wet hydraulic equivalent diameter is preferably up to 120 nm, more preferably in 55 to 120 jim, still more 
preferably 60 to 80 ^m, and most preferably up to 70 }im. 

[0007] The hollow fiber membranes may preferably comprise a synthetic polymer membrane such as polysulfone 
membrane, and the hollow fiber membrane may preferably comprise an active layer having pores with a diameter of 3.5 
to 8.5 nm. 

40 [0008] The hollow fiber hemodialyzer may preferably comprise at least two types of hollow fiber membranes each hav- 
ing different outer diameter. In addition, the hollow fiber hemodialyzer may preferably have spacer fibers in the dialysate 
flow path. 

DETAILED DESCRIPTION OF THE INVENTION 



[0009] Next, the hollow fiber hemodialyzer of the present invention is described in detail. 

[0010] The hollow fiber hemodialyzer of the present invention comprises a housing and hollow fiber membranes 
accommodated in the housing, and the blood flow path is defined in the interior of the hollow ftoers and dialysate flow 
path is defined in the exterior of the hollow fibers. The dialysate flow path has a wet hydraulic equivalent diameter of up 
so to165|im. 

[001 1 ] In conventional hollow fiber hemodialyzers, the wet hydraulic equivalent diameter is in the range of about 1 80 
to 350 nm. The wet hydraulic equivalent diameter of the present invention of up to 165 nm is significantly smaller than 
that of the conventional hollow fiber hemodialyzers. 

[001 2] The method for reducing the hydraulic equivalent diameter of the dialysate flow path with no significant change 
55 in the hollow fiber packing ratio (percentage of the sum of cross sectional areas of hollow fibers and interior spaces of 
hollow fibers in cross sectional area of the interior space of the housing) is not particularly limited, and exemplary such 
methods include (i) use of hollow fiber membranes having a reduced membrane thickness (in particular, a reduced 
thickness of the support layer) in combination with the use of a housing having reduced inner diameter; (ii) use of hollow 
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nOTwane and hollow fiber membranes having thinner menTrain< 



10 



25 



55 



fiber membranes having thicker melmfane and hollow fiber membranes having thinner memBFane in combination with 
the use of a housing having reduced inner diameter; and (iii) provision of spacer(s) in the dialysate flow path. 
[0013] The inventors of the present invention have confirmed by experiments that the thickness of the hollow fibers 
(support layer thickness) can be reduced without significantly detracting from the mass transfer performance as will be 
described later. 

[0014] The hydraulic equivalent diameter de [m] of the dialysate flow path is defined by the equation (1): 

de = 4 x (cross sectional area of the dialysate flow path)/(perimeter wetted with the dialysate) (1 ) 



= 4x7cx{(Dh^) 2 -N 1 xfdo^) 2 }/{n x(Dh + N t xdo^} 



wherein 



Dh is inner diameter of the housing [m], 
15 do-i is outer diameter of the hollow fiber membrane 1 [m], and 
is number of hollow fiber membranes 1 . 

[0015] When the hollow fiber membrane 1 has a reduced thickness, the outer diameter do 1 of the hollow fiber mem- 
brane 1 is also reduced, and decrease in the inner diameter Dh of the housing is required to maintain the packing ratio 
20 of the hollow fibers at a constant value. The hydraulic equivalent diameter de calculated by the equation (1) will be 
reduced. Therefore, the method (i) for reducing the hydraulic equivalent diameter of the dialysate flow path as described 
above is effective. 

[0016] The hydraulic equivalent diameter de [m] of the dialysate flow path of a hollow fiber hemodialyzer employing 
two different types of hollow fiber membranes each having different diameters is defined by the equation (2): 



de = 4 x (cross sectional area of the dialysate flow path)/(perimeter wetted with the dialysate) (2) 
= 4x7cx{(Dh^) 2 -N 1 x(do 1 /2) 2 -N 2 x(do 2 /2) 2 }/{7cx(Dh + N 1 xtio, + N 2 xdo 2 )} 

30 wherein 

Dh is inner diameter of the housing [m], 
do 1 is outer diameter of the hollow fiber membrane 1 [m], 
do 2 is outer diameter of the hollow fiber membrane 2 [m], 
35 N 1 is number of hollow fiber membranes 1 , and 
N 2 is number of hollow fiber membranes 2. 

[001 7] When the hollow fiber membrane 1 and the hollow fiber membrane 2 have equal inner diameter, and the hollow 
fiber membrane 2 has a thickness smaller than that of the hollow fiber membrane 1 , the outer diameter do 2 of the hollow 

40 fiber membrane 2 will be smaller the outer diameter dOi of the hollow fiber membrane 1, and decrease in the inner 
diameter Dh of the housing is required to maintain the packing ratio of the hollow fibers at a constant value. The hydrau- 
lic equivalent diameter de calculated by the equation (2) will be reduced. Generally speaking, it is possible by enlarging 
the outer diameter of a hollow fiber membrane to increase the thickness of the active layer, the support layer and the 
inner diameter. If the outer diameter of a hollow fiber membrane of a hemodialyzer is increased, inner diameter Dh of 

45 the housing and the hydraulic equivalent diameter de[m] also will be increased in order to maintain the packing ratio of 
hollow fibers. But increasing the outer diameter of only some number of hollow fiber membranes, instead of all. will keep 
the hydraulic equivalent diameter de[m] within 165 ^m to raise efficiency of the hemodialyzer with only small increase 
of inner diameter of the housing. Therefore, the method (ii) for reducing the hydraulic equivalent diameter of the dia- 
lysate flow path as described above is effective. 

so [001 8] Next, the effectiveness the method (iii) in reducing the hydraulic equivalent diameter of the dialysate flow path 
is described. 

[0019] The hydraulic equivalent diameter de [m] of the dialysate flow path of a hollow fiber hemodialyzer wherein 
spacer fibers are provided in the dialysate flow path (outside the hollow fiber membranes) is defined by the equation (3): 



de = 4 x (cross sectional area of the dialysate flow path)/(perimeter wetted with the dialysate) (3) 
= 4x7cx{(Dhy2) 2 -N 1 x(do 1 /2) 2 -N 3 x(do 3 /2) 2 }/{7cx(Dh + N 1 x6o, + N 3 xdo 3 )} 
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Dh is inner diameter of the housing [m], 
do-i is outer diameter of the hollow fiber membrane 1 [m], 
s do 3 is outer diameter of the spacer fiber 3 [m], 
N 1 is number of hollow fiber membranes 1 , and 
N 3 is number of the spacer fiber 3. 

[0020] When the spacer fibers 3 are provided in the dialysate flow path, alteration in the inner diameter Dh of the 
10 housing is not required to maintain the packing ratio of the hollow fibers at a constant value, and as a consequence, the 
hydraulic equivalent diameter de calculated by the equation (3) will be reduced. Therefore, the method (iii) for reducing 
the hydraulic equivalent diameter of the dialysate flow path as described above is effective. The outer diameter of the 
spacer fiber is preferably 5 to 25 \im when it is wetted. 

[0021 ] When the spacer fibers are braided with the hollow fibers, and the spacer fibers do not intersect at right angles 
15 with the cross section of the flow path and the cross section of the spacer fiber in the flow path cross section is an 
oblong; or when the spacer fibers are perpendicularly braided with the hollow fibers, the hydraulic equivalent diameter 
de [m] of the dialysate flow path of the hollow fiber hemodialyzer is defined by the equation (4): 

2Q de = 4 x (volume of the dialysate flow path)/(perimeter surface area wetted with the dialysate) (4) 
= 4x7ix{Lx(Dh/2) 2 -LxN 1 xtdO!^) 2 -1 xN 3 x(do 3 /2) 2 }/{7cx(LxDh + LxN 1 xdo 1 +1 xN 3 xdo 3 )} 

wherein 

25 Dh is inner diameter of the housing [m], 

do 1 is outer diameter of the hollow fiber membrane 1 [m], 

do 3 is outer diameter of the spacer fiber 3 [m], 

L is effective length of the dialysate flow path, 

N 1 is number of hollow fiber membranes 1 , and 
30 1 is effective length [m] of a spacer fiber in the dialysate flow path. 

N 3 is number of the spacer fiber 3. 

[0022] The wet hydraulic equivalent diameter of the dialysate flow path should be up to 1 65 nm to realize a sufficient 
mass transfer performance. The wet hydraulic equivalent diameter, however, is preferably up to 120 urn, and more pref- 
35 erably up to 70 jim. To prevent folding of the hollow fiber and collapsing of the lumen due to the excessively small 
hydraulic equivalent diameter and to avoid the complication of the assembly procedure, the wet hydraulic equivalent 
diameter of the dialysate flow path is preferably in the range of 50 urn to 165 urn, more preferably in 55 ^m to 120 jirn, 
and still more preferably 60 fim to 80 jim. 

[0023] The dialysis membrane used in the present invention is not critical and both cellulose based membranes and 
40 synthetic polymer membranes are adapted for use in the hollow fiber hemodialyzer of the present invention. Exemplary 
cellulose based membranes include membranes made from cellulose, cellulose derivatives such as cellulose diacetate, 
cellulose triacetate, and the like. Exemplary synthetic polymer membranes include membranes made from polysulfone, 
poly(methyt methacrylate), polyacrylonitrile, poly(ethylene vinyl alcohol), polyethersulfbne, polyamide, carbonate-ethyl- 
ene oxide copolymer, polyester polymer alloys, and the like. 
45 [0024] Of these membranes, the preferred are the membranes made from synthetic polymers in spite of the draw- 
backs of the synthetic polymer hollow fiber membranes in general, namely, low strength and inferior dispersibility. As is 
well known in the art, when the hollow fiber membranes in the bundle of hollow fiber membranes are non-uniformly dis- 
persed, flow of the dialysate will be non-uniform, and the hollow fiber membranes will not be effectively util ized to detract 
from dialysis efficiency. Even when such synthetic polymer membrane is used for the hemodialyzer, high dialysis effi- 
50 ciency is ensured when the wet hydraulic equivalent diameter of the dialysate flow path is reduced to 165 nm or less. 
In particular, excellent dialysate fluidity is realized when a spacer is employed since the spacer enhances the strength 
and dispersibility of the hollow fiber membranes. 

[0025] The structure of the hollow fiber membrane is not critical although the hollow fiber membrane is preferably of 
the structure comprising an active layer (separation layer) on the interior side of the hollow ftoer near the lumen and a 
55 support layer outside the active layer. The active layer has the pores which determine the permeability of the mem- 
brane, and the support layer has the pores with a larger diameter. The pore diameter of the active layer is preferably in 
the range of 3.5 to 8.5 nm. 

[0026] Of the synthetic polymer membranes as described above, polysulfone membranes are most preferable in view 
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of their high fractionating perfbrmaro£ 
[0027] The packing ratio of the hollow fiber membranes in the hollow f foer hemodialyzer of the present invention is 
preferably in the range of 60 to 80%, and more preferably 60 to 70%. In the hollow fiber hemodialyzer of the present 
invention, the hydrauric equivalent diameter can be adjusted to the predetermined range by optional provision of the 

5 spacer as described below. When the packing ratio of the hollow fiber membrane is below the above described range, 
more spacers are required to realize the hydrauric equivalent diameter of the predetermined range, and a larger module 
will be required to obtain the area of the hollow ffoer membrane required in the particular therapy. When the packing 
ratio of the hollow fiber membrane is beyond the above described range, insertion of the hollow fiber membrane bundle 
will be difficult, and pressure loss of the dialysate side will be unduly high. 

10 [0028] When two or more types of hollow fiber membranes each having different outer diameter are used in the hollow 
fiber hemodialyzer of the present invention, difference in the membrane thickness between the thinnest and the thickest 
membranes is preferably at least 10 jim, and preferably in the range of 10 \itn to 25 When the difference in the 
membrane thickness is less than 10 nm, the merit of using the two or more different membranes that the hydrauric 
equivalent diameter can be reduced at a relatively low packing ratio is nullified. When the difference in the membrane 

15 thickness is more than 25 urn, the hollow membrane fibers of the thicker type will occupy an unduly increased space or 
the thinner hollow fiber membranes suffer from an insufficient strength. 

[0029] The active layer of the hollow fiber membranes in the hollow fiber hemodialyzer of the present invention may 
preferably have a pore diameter in the range of 3.5 nm to 8.5 nm, and more preferably 4.0 nm to 7.5 nm as calculated 
by the distribution of the diameters of small pores obtained by the molecular weight cut-off curve of dextran. When the 

20 pore diameter is below such range, the membrane will suffer from an insufficient mass transfer performance and the 
merit of reducing the hydrauric equivalent diameter is not fully realized. On the other hand, the pore diameter is beyond 
such range will result in the increased leakage of the effective components such as albumin from the blood. 
[0030] The measurement method of the pore diameter of the active layer of the hollow fiber membranes is described 
in the reference; The Japanese Journal of Artificial Organs, 21[3] (1992) Makoto, Saruhashi et al., pages 1015-1020. 

25 [0031] The material used for fabricating the housing of the hollow fiber hemodialyzer of the present invention is not 
particularly limited, and exemplary materials include polycarbonate, polypropylene, polyethylene, polyethylene tereph- 
thalate, silicone, polyurethane. polyvinyl chloride, styrene-butadiene block copolymer resin, styrene resin, and the like. 
[0032] The spacer used in the present invention may be in the form of a fiber, a sheet, a sponge, or the like. 
[0033] The material used for fabricating the spacer is not particularly limited, and exemplary materials include poly- 

30 ester, tetrone, glass fiber, rayon, cupra, acetate, acetificated acetate, vinylon, nylon, vinylidene, acryl.-polyurethane 
(including Spundex), cotton, wool, silk, polyvinyl chloride, polyurea, polyethylene, polypropylene, and the like. 
[0034] As described above, the wet hydrauric equivalent diameter of the hollow fiber hemodialyzer of the present 
invention is smaller than that of the conventional hollow fiber hemodialyzers. 

[0035] In hemodialysis and hemodiafiltration, flow rate of the dialysate per unit time is generally constant, and 
35 decrease in the hydrauric equivalent diameter results in the increase of the linear flow rate of the dialysate. As a con- 
sequence, concentration gradient between the dialysate phase and the blood phase of the substance contained in the 
blood will be increased to realize the increased mass transfer. The hollow fiber hemodialyzer of the present invention is 
thereby provided with excellent mass transfer performance. 

[0036] Next, the present invention is described in further detail by referring to Examples of the present invention and 
40 Comparative Examples which by no means limit the scope of the present invention. 

EXAMPLES 

[0037] In Examples 1 to 5 and Comparative Example 1 , the hollow ffoer hemodialyzers were fabricated by using the 
45 materials as described below. 

(1) Hollow fiber membrane 

[0038] Hollow fiber membranes A and B were polysulfone membranes with the inner diameter of 200 nm. 

50 

(1) Hollow ffoer membrane A: thickness, 30 jim; pore diameter of the active layer, 5.5 nm. 

(2) Hollow ffoer membrane B: thickness, 45 jim; pore diameter of the active layer, 5.5 nm. 

[0039] Thickness of the active layer is the same in the hollow fiber membranes A and B. However, thickness of the 
55 support layer is different in the hollow ffoer membranes A and B. 

[0040] The hollow ffoer membranes A and B were evaluated for their solute permeability for Vitamin B 12 (VB 12 ) 
(PmVB 12 ) using optical fibers in accordance with the procedure described in Yoshida, F. and Sakai, K., "Chemical Engi- 
neering and Artificial Organ", 2nd ed., 1 997, Kyoritsu Shuppan, page 209. n was 1 0. The solute permeability for Vitamin 
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amOTnes A and B were 4.41 ± 0.31 ^m/s and 4.33 ± 0.38 M^Trc 



B 12 (PmVB 12 ) of the hollow fiber memBranes A and B were 4.41 ± 0.31 ^m/s and 4.33 ± 0.38 jim/sT respectively, which 
can be regarded as substantially equivalent. 

[0041] The results as described above reveal that thickness of the hollow fiber membrane (support layer) can be 
reduced with no substantial influence on the material transfer capacity of the hollow fiber membrane. 

(2) Housing 

[0042] Housings a, b, c were polycarbonate tubular housings having a dialysate inlet port and a dialysate outlet port. 
Their effective length was 0.235 m. 

(1) Housing a: inner diameter 0.0330 m 

(2) Housing b: inner diameter 0.0346 m 

(3) Housing c: inner diameter 0.0368 m 

15 Example 1 

[0043] A bundl e of 1 0,000 hollow fiber membranes of hollow fiber membrane A (effective membrane area correspond- 
ing to 1.5 m 2 ) was inserted in the housing a. 

[0044] Opposite ends of the hollow fiber membranes were fixed to the housing by introducing polyurethane potting 
20 agent into opposite ends of the housing, and curing the potting agent. Opposite ends of the hollow fiber membranes 
were then sliced to open the hollowf iber membranes. A cover having a blood inlet port and a cover having a blood outlet 
port were liquid tightly secured to opposite ends of the housing by fusing to complete the hollow fiber hemodialyzer. 



Example 2 

[0045] A hollow fiber hemodialyzer was produced by repeating the procedure of Example 1 except that a bundle of a 
uniform mixture of 6,000 hollowf iber membranes A and 4,000 hollow fiber membranes B (effective membrane area cor- 
responding to 1.5 m 2 ) inserted in the housing b was used instead of the bundle of 10,000 hollow fiber membranes A 
inserted in the housing a. 

Example 3 



[0046] Spacer fibers (wet outer diameter, 7 urn) were mixed with 10,000 hollow fiber membranes B at a rate of 5 
spacer fibers per 1 hollow fiber membrane B to prepare a bundle of spacer fiber/hollow fiber membrane mixture (effec- 
35 tive membrane area corresponding to 1 .5 m 2 ). 

[0047] A hollow fiber hemodialyzer was produced by repeating the procedure of Example 1 except that the bundle of 
the spacer fiber/hollow fiber membrane mixture inserted in housing c was used instead of the bundle of 1 0,000 hollow 
fiber membranes A (effective membrane area corresponding to 1 .5 m 2 ) inserted in the housing a. 

40 Example 4 

[0048] Spacer fibers (wet outer diameter, 12 urn) were mixed with 10,000 hollow fiber membranes B at a rate of 12 
spacer fibers per 1 hollow fiber membrane B to prepare a bundle of spacer fiber/hollow fiber membrane mixture (effec- 
tive membrane area corresponding to 1.5 m 2 ). 
45 [0049] A hollow fiber hemodialyzer was produced by repeating the procedure of Example 1 except that the bundle of 
the spacer fiber/hollow fiber membrane mixture inserted in housing c was used instead of the bundle of 10,000 hollow 
fiber membranes A (effective membrane area corresponding to 1 .5 m 2 ) inserted in the housing a. 



Example 5 



[0050] Spacer fibers (wet outer diameter, 21 ^m) were mixed with 10,000 hollow fiber membranes B at a rate of 16 
spacer fibers per 1 hollow fiber membrane B to prepare a bundle of spacer fiber/hollow fiber membrane mixture (effec- 
tive membrane area corresponding to 1.5 m 2 ). 

[0051 ] A hollow fiber hemodialyzer was produced by repeating the procedure of Example 1 except that the bundle of 
55 the spacer fiber/hollow fiber membrane mixture inserted in housing c was used instead of the bundle of 1 0,000 hollow 
fiber membranes A (effective membrane area corresponding to 1 .5 m 2 ) inserted in the housing a. 
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Comparative Example 1 

[0052] A hollow fiber hemodialyzer was produced by repeating the procedure of Example 1 except that a bundle of 
10,000 hollow fiber membranes B (effective membrane area corresponding to 1.5 m 2 ) inserted in the housing c was 
5 used instead of the bundle of 10,000 hollow fiber membranes A (effective membrane area corresponding to 1 .5 m 2 ) 
inserted in the housing a. 

[0053] The hydraulic equivalent diameter and other data of the dialysate side flow path of the hollow fiber hemodia- 
lyzers as described above are shown in Table 1 . 

[0054] The hydraulic equivalent diameter of the dialysate side flow path was calculated by using equation (1) for 
w Example 1 and Comparative Example 1 , equation (2) for Example 2, and equation (3) for Examples 3 to 5. 



Table 1 
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Ex. 1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Comp. Ex.1 


Hollow fiber membrane 




Inner diam- 
eter, urn 


200 


200 


200 


200 


200 


200 


200 


20 


Membrane 
thickness, 


30 


30 


45 


45 


45 


45 


45 




Outer diam- 
eter, jim 


260 


260 


290 


290 


290 


290 


290 


25 


Pm VB 12 , 
|im/s, n s 
10 


4.41 ±0.31 


4.41 ±0.31 


4.33 ±0.38 


4.33 ± 0.38 


4.33 ± 0.38 


4.33 ± 0.38 


4.33 ±0.38 




Hollow fiber hemodialyzer 


30 


Number of 
hollow fib- 
ers 


10,000 


6.000 


4,000 


10,000 


10,000 


10,000 


10,000 


35 


Inner diam- 
eter of 
housing, m 


0.0330 


0.0346 


0.0368 


0.0368 


0.0368 


0.0368 


40 


Packing 
ratio of the 
hollow fib- 
ers, % 


62 


62 


62 


62 


62 


62 




Spacer fiber 
















45 


Wet outer 
diameter, 
jim, 






7 


12 


21 






Number 
(per 1 hol- 
low fiber) 






5 


12 


16 




50 


Membrane 
area, m 2 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


55 


Hydraulic 
equivalent 
diameter of 
dialysate 
side flow 
path, urn 


157 


165 


155 


113 


70 


175 
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[0055] The dialyzers produced in Examples 1 to 5 and Comparative Example 1 were evaluated for their mass transfer 
performance in a dialysis experiment using VB 12 in accordance with the Criteria for Evaluating the Performance of Arti- 
5 ficial Kidney of Japanese Society for Artificial Organs. A dialysate wherein VB 12 concentration is adjusted to 2 mg/di 
was used for the solution on the blood side. Filtration flow rate was 15 ml/min. 
[0056] Clearance CL [ml/min] was calculated by the equation (5): 

CL = (Q Bi x C B| - Q B0 x C B0 )/C B| (5) 

10 

wherein C is concentration of VB 12 [mg/dl], Q is flow rate [ml/min], the suffix B means blood side, the suffix i means inlet 
side, and the suffix o means outlet side. 

[0057] The results are shown in Table 2. As demonstrated in Table 2, the clearance was greatly different in the hemo- 
dialyzer of Examples 1 to 5 compared with the hemodialyzer of Comparative Example 1. 



Table 2 





VB 12 Clearance (ml/min) 
(n=3) 


Example 1 


122 ±3 


Example 2 


118±2 


Example 3 


120 ±2 


Example 4 


127 ±3 


Example 5 


132 + 2 


Comparative Example 1 


110±3 



30 

[0058] As described above, the hollow fiber hemodialyzer of the present invention has excellent mass transfer per- 
formance, and therefore, well adapted for use in therapies such as hemodialysis and hemodiaf iltration. 
[0059] A hollow fiber hemodialyzer which exhibits high mobility of the dialysate as well as excellent mass transfer per- 
formance is provided. In this hollow fiber hemodialyzer, the hollow fiber membranes are accommodated in the housing, 
35 and blood flow path is defined in the interior of the hollow fibers and dialysate flow path is defined in the exterior of the 
hollow fibers. The dialysate flow path has a wet hydraulic equivalent diameter of up to 165 \im. 

Claims 

40 1. A hollow fiber hemodialyzer comprising a housing and hollow fiber membranes accommodated in the housing 
wherein blood flow path is defined in the interior of the hollow fibers and dialysate flow path is defined in the exterior 
of the hollow fibers, and said dialysate flow path has a wet hydraulic equivalent diameter of up to 165 urn. 

2. A hollow fiber hemodialyzer according to claim 1 wherein said hydraulic equivalent diameter is in the range of 55 
45 to 120 jim, preferably 60 to 80 urn. 

3. A hollow fiber hemodialyzer according to claim 1 or 2 wherein said hollow fiber membranes comprise a synthetic 
polymer. 

so 4. A hollow fiber hemodialyzer according to any one of claims 1 to 3 wherein said hollow fiber membrane has an active 
layer, and said active layer has a pore diameter of 3.5 to 8.5 nm. 

5. A hollow fiber hemodialyzer according to any one of claims 1 to 4 wherein said hollow fiber membranes comprise 
at least two types of hollow fiber membranes each having different outer diameter. 

55 

6. A hollow fiber hemodialyzer according to any one of claims 1 to 5 wherein spacer fibers are provided in the dia- 
lysate flow path. 
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